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Guanine-nucleotide binding proteins are invol- 
ved in a variety of diverse metabolic processes of 
central importance for prokaryotic and eukaryotic 
organisms. They serve as initiation and elongation 
factors in protein synthesis, they comprise a large 
family of regulatory proteins that mediate 
transmembrane signalling and presumably also are 
involved in regulating secretion and intracellular 
transport. 
Guanine-nucleotide binding proteins bind GTP 
as well as GDP with high affinity and have an in- 
trinsic GTP hydrolysis activity. In general, the 
GTPase and the GDP/GTP-exchange reaction are 
subject to modulation by other proteins. Since 
GDP and GTP induce different conformations in 
their target proteins, guanine-nucleotide binding 
proteins cycle between two states of different ac- 
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tivity, which is essential for their ‘function. The 
basic similarity in function has its structural pen- 
dant: guanine-nucleotide binding proteins have 
significant sequence homology. On the other hand, 
there are also pronounced differences in the struc- 
ture and catalytic activities of guanine-nucleotide 
binding proteins which undoubtedly reflect their 
involvement in very diverse metabolic pathways. 
These proteins differ considerably, for example, in 
size and subunit composition. Ras proteins are 
small polypeptides of approx. 21 kDa which fold 
into one compact domain. The prokaryotic elonga- 
tion factors EF-Tu and EF-G also consist of single 
though considerably larger polypeptide chains 
which are organized in several domains. G- 
proteins, on the other hand, typically are 
heterotrimeric proteins, where only the a-subunit 
interacts with guanine nucleotides. 
To discuss the similarities and differences in 
structure and function of guanine-nucleotide 
binding proteins, sixty researchers with expertise in 
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different areas gathered at a recent EMBO-NATO- 
CEC workshop. 
Guanine-nucleotide binding proteins are 
characterized in their primary structure by at least 
three consensus sequence elements with distinct 
spacing (Merrick, Cleveland), with only a few ex- 
ceptions, exemplified by eukaryotic initiation fac- 
tor 2 (Hershey, Davis), the tubulins (Carlier, 
Gif-sur-Yvette; Mandelkow, Hamburg), and the 
HIV F-protein (Guy, Strasbourg). These proteins 
either lack some of the consensus sequence 
elements or possess them in a non-standard orien- 
tation or spacing, but nevertheless bind GDP and 
GTP with high affinity and have an intrinsic GTP 
hydrolysis activity. The consensus sequence 
elements in E. cofi elongation factor Tu (Jurnak, 
Riverside; Clark and Nyborg, Aarhus) and the H- 
ru.s proto-oncogene product p21 (De Vos, 
Berkeley) have been shown to form part of the 
guanine-nucleotide binding pocket. EF-Tu and p21 
are the only guanine-nucleotide binding proteins 
whose crystal structures have been solved so far. 
While the guanine-nucleotide binding domains of 
the two proteins have overall similar structures as 
expected from their sequence homology, there are 
some significant differences. Some of these might 
be due to the fact that these structures have been 
obtained with proteolytically cleaved proteins 
(Sprinzl, Bayreuth); others may turn out during 
the process of refinement not to be as profound as 
currently assumed. The analysis of these two struc- 
tures provides the basis for understanding of the 
effects of site-directed mutations of the tufA gene 
on the function of EF-Tu (Hwang, Staten Island; 
Parmeggiani, Paris), and of the ras genes on the 
function of p21 (Lacal, Bethesda; Shih, Frederick; 
Willumsen, Copenhagen; Wittinghofer, Heidel- 
berg), and the ras-related proteins from yeast 
(Fasano, Heidelberg; Gallwitz, Gettingen). In this 
context it should also be mentioned that the isola- 
tion of the same guanine-nucleotide binding pro- 
teins from different organisms (Jonak, Prague; 
Leberman, Grenoble) and the determination of 
their sequences can be extremely helpful in identi- 
fying structure-function relationships (Sprinzl, 
Bayreuth; Woudt, Leiden). 
In spite of detailed structural (vide supra) and 
mechanistic (Eccleston, London) information, it is 
not yet clear which amino acid residues in EF-Tu 
or p21 participate in the catalysis of GTP 
2 
hydrolysis. In this context, it is noteworthy that the 
same amino acid exchange in a seemingly 
equivalent position of p21 and EF-Tu leads to an 
increase of the GTPase activity in EF-Tu, but to a 
decrease in p21 (Parmeggiani, Paris). 
While the involvement of guanine-nucleotide 
binding proteins in protein biosynthesis basically is 
understood, relevant details are still being un- 
covered. The expression of the E. coli tufB and 
infB genes coding for EF-Tu and IF-2, respective- 
ly, are subject to intricate transcriptional control 
(Bosch, Leiden; Grunberg-Manago, Paris). 
Wintermeyer (Witten-Herdecke) provided evi- 
dence that the CCA end of the tRNA in the 
ribosomal exit-site triggers the GTPase via confor- 
mational changes of the 23 S rRNA, a reaction in 
which presumably L7/L12 is also involved 
(Miiller, Leiden). The usefulness of antibiotics in 
unravelling mechanistic details of protein synthesis 
appeared from studies on the effect of kirromycin 
on EF-Tu-tRNA interactions (Kraal, Leiden). 
Translational accuracy was investigated in mutants 
resistant to this antibiotic (Hughes, Uppsala). 
Tetracycline and daunomycin, so far not recog- 
nized as affecting EF-Tu, seem to interact with this 
protein, daunomycin intriguingly also with p21 
(Jumak, Riverside; Pingoud, Hannover). 
The ras gene family is still expanding (Chardin, 
Paris); the extent of sequence homology allows one 
to identify groups of homologous genes in higher 
and lower eukaryotes (which does not necessarily 
mean that these genes code for proteins of 
homologous functions). Several ras-related genes 
have also been identified in plants (Palme, Koln). 
The function of the ras proteins in higher 
eukaryotes is not well understood. In yeast ras pro- 
teins not only are effecters for adenylyl cyclase by 
transmitting nutritional signals (Fasano, Heidel- 
berg; Jacquet, Paris) but as shown for YPTl also 
are involved in regulating vesicular traffic, possi- 
bly via alteration of the intracellular Ca” concen- 
tration (Gallwitz, Gottingen). In Dictyostelium a 
signal transduction chain has been identified which 
includes a ras protein (Luderus, Amsterdam; Rey- 
mond, Epalinges). The discovery of the GTPase 
activating protein (GAP) provides a target for ras 
proteins in mammalian cells: it has been cloned 
and overproduced in E. cofi, its sequence com- 
prises a stretch of homology with the non-catalytic 
domain of adenylyl cyclase (Gibbs, West Point). 
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GAP seems to interact with the effector site of p21 
(Hall, London; Willumsen, Copenhagen) and to 
have a catalytic rather than a ‘stoichiometric’ ef- 
fect on p21 (Gibbs, West Point). Hall (London) 
reported that scrape loading of Swiss 3T3 cells with 
p21 leads to a stimulation of DNA synthesis which 
can be further increased by insulin to levels ob- 
tained with PDGF/insulin. 
G-proteins in mammalian cells are coded for by 
at least 8 genes, whose organization and mode of 
expression is currently being investigated (Kaziro, 
Tokyo). Two homologous genes have been iden- 
tified in yeast, one of which is expressed only in the 
haploid yeast cell and is involved in the mating 
response (Kurjan, New York). Specific antibodies 
to identify the three different Gr-proteins in 
various tissues are now available (Mumby, Dallas). 
At present, however, the function of each Gi form 
is not known, nor is the precise mechanism by 
which Gi proteins affect adenylyl cyclase, 
phospholipase C and K+ channels. It is assumed 
that multiple interactions are involved which vary 
from effector to effector (vi, Tokyo). The 
mechanism of action of G, and transducin, on the 
other hand, is well understood (Chabre, Grenoble; 
Ho, Chicago; Masters, San Francisco). Emphasis 
is now directed to correlate structure with function 
by cross-linking individual subunits with receptor 
and effector (Ho, Chicago) or to analyse the ef- 
fects of mutations on the signal transduction pro- 
cess (Masters, San Francisco). A novel cytosolic 
100 kDa single-chain G-protein cross-reacting im- 
munologically with a C-terminal fragment of 
transducin has been described; its GTPase activity 
can be stimulated by some phospholipids (Traub, 
Rehovot). The importance of G-proteins for the 
olfactory response has been recognized only 
recently. It is mediated by a GJike protein which 
is coupled to as yet unidentified olfactory receptors 
and via adenylyl cyclase stimulates a Na+/K+ an- 
tiporter (Lancet, Rehovot). A G-protein is also in- 
volved in the chemotactic response in 
Dictyostefium (Van Haastert, Leiden). 
Whereas the involvement of guanine-nucleotide 
binding proteins in exocytotic secretion is now well 
established, their biochemical characterization re- 
mains to be carried out. Soling (Gottingen) provid- 
ed evidence that proteins of 24 kDa which can be 
ADP-ribosylated and bind GTP are present in high 
concentrations in the membranes of secretory 
vesicles .from various sources. The secretion pro- 
cess in mast cells which is stimulated by Ca2+ and 
GTP can be delayed by ATP, suggesting that at 
least one of the guanine-nucleotide binding pro- 
teins involved might interact with a protein 
phosphatase (Gomperts, London). 
Guanine-nucleotide binding proteins might have 
evolved from a primordial nucleotide binding pro- 
tein. It is interesting to note that presumptive 
modulator, nucleotide binding and effector 
regions in a variety of guanine- and adenine- 
nucleotide binding proteins have basically a similar 
organisation (Ho, Chicago). 
It was the explicit intention of the organizers to 
provide a forum for the display of the many func- 
tions performed by guanine-nucleotide binding 
proteins in prokaryotic and eukaryotic organisms. 
Discussion of the structural and functional 
similarities of these proteins provided a lot of in- 
formation which will certainly stimulate many new 
experiments whose results will eventually lead to a 
unifying concept for the function of these proteins. 
Such a concept must explain why guanine 
nucleotides play such a fundamental role in protein 
synthesis, signal transduction and intracellular 
traffic and why in all these metabolic processes 
GTP binding is coupled to the association and 
dissociation of proteins or protein subunits. 
